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Cyclamen purpurascens is good material for horticultural breeding of cyclamens because it is unique species that 
has an attractive fragrance. To improve the commercial value of cyclamen flowers, this fragrance has been 
introduced into ornamental cultivars. However, variation in flower color is somewhat limited in these cultivars. 
Therefore, it is needed to understand the genetic networks of flower coloration in C. purpurascens. We previously 
isolated some DNA fragments of flavonoid biosynthetic genes from C. purpurascens, broadening our 
understanding of the biosynthetic pathway of flavonols and anthocyanins, which related with flower coloration. In 
this study, we report the progress about the molecular analyses of flavonoid biosynthesis-related genes isolated 
from C. purpurascens. We also introduce the fragrant cyclamen cultivars and their flower-colored mutants 
produced by ion-beam irradiation. We finally discuss the possibility of these mutants to reveal the molecular 
mechanism about flower coloration in cyclamen. 
 
Keywords: Anthocyanin, flavonol, flower color, fragrant cyclamen 
 
Abbreviations: 
ANS; anthocyanidin synthase 
CHI; chalcone isomerase 
CHS; chalcone synthase 
DFR; dihydroflavonol 4-reductase 
F3H; flavanone 3-hydroxylase 
F3’H; flavonoid 3’-hydroxylase 
F3’5’H; flavonoid 3’5’-hydroxylase 
FLS; flavonol synthase 
GT; O-glucosyltransferase 
MT; O-methyltransferase 


















































Fig. 1. Flower of cyclamens. 
     A: C. purpurascens, B: ‘Koko-no-kaori’, 
     C: ‘Kaori-no-mai’, D: ‘Uruwashi-no-kaori’ 
Fig. 2 Schematic representation of the flavonoid biosynthesis 
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2.材料および方法 
2.1 材料 
 芳香シクラメン野生種 C. purpurascens と芳香シ
クラメン品種‘孤高の香り’（KO），‘香りの舞い’
（KM），および‘麗しの香り’（UR）を使用した．
主 な 花 色 素 は ， UR 以 外 は 全 て Malvidin 
3,5-O-diglucoside（Mv3,5dG）というアントシアニ
ンであり，UR は Mv3,5dG だけでなく，Cyanidin 






















化葉柄に 320 MeV 炭素イオンビーム 0−8 Gy を照
射後，組織培養により再分化個体を獲得し，M1
集団を育成した．M1個体の形態観察を行い，自家
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Fig.3 Expression analysis of flavonoid 
biosynthesis-related genes in C. purpurascens. 
eEF1α was used as positive control. 






















ナ（Arabidopsis thaliana）の fls 変異体（fls1-1）に






















KM では，さらに赤みの強くなった KMDp および
MY が作出され，他にも黒みがかった赤紫色の












































Fig.5 Molecular complementation of A. thaliana fls
mutants with CpurFLS1 and CpurFLS2. 
Quantification of flavonols by spectrophotometric 
analysis. Average results plus the standard error of 
the mean of three replicates are indicated.  
(ref. Akita et al. 2017) 
Fig.4 RT-PCR of the CpurFLS1 and CpurFLS2 genes. 
YP: young petals, OP: opened petals, and IA: 
immature anthers. The eEF1α gene was used as 
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Fig.6 Flower colored mutants of fragrant cyclamens. A: KO and its mutants (KOpw and KOrp). 
B: KM and its mutants (KMDP, MY and BRP). C: UR and its mutants (TN). 
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